The Color Trails Test (CTT) has been described as a culture-fair test of visual attention
The Trail Making Test (TMT) is one of the most frequently used tests in forensic (LeesHaley, Smith, Williams, & Dunn, 1996) and clinical (Butler, Retzlaff, & Vanderploeg, 1991) neuropsychological evaluations, and has well-demonstrated efficacy in distinguishing individuals with brain lesions from normal controls (Berg, Franzen, & Wedding, 1987; Eson, Yen, & Bourke, 1978; Reitan, 1958 Reitan, , 1971 . Unfortunately, it is plagued by a number of difficulties including susceptibility to practice effects (Durvasula et al., 1996; Dye, 1979; Lezak, 1982; Matarazzo, Wiens, Matarazzo, & Goldstein, 1974) , lack of specificity for indicating laterality (Heilbronner, Henry, Buck, Adams, & Fogel, 1991) or caudality (Anderson, Bigler, & Blatter, 1995; Reitan & Wolfson, 1995; but see Segalow-itz, Unsal, & Dywan, 1992) of cerebral lesions, and length of formal education (Bornstein & Suga, 1988; Ernst, 1987; Stuss, Stethem, Hugenholtz, & Richard, 1989) .
A number of alternate forms of the TMT (desRosiers & Kavanaugh, 1987; Lewis & Rennick, 1979) and other modifications (Ricker & Axelrod, 1994; Ricker, Axelrod, & Houtler, 1996; Trippel, Cutlan, Long, & Alsworth, 1997) have been introduced in an attempt to improve its scope and diagnostic utility in the evaluation of neurobehavioral disorders. These variations notwithstanding, and consistent with the views of many proponents (e.g., Ardila, 1995; Geisinger, 1994; Greenfield, 1997 ; Report of the Therapeutics and Technology Assessment Subcommittee of the American Academy of Neurology, 1996) , most of the extant neuropsychological tests, including the TMT, may have rather limited utility in cross-cultural settings.
Analysis of the TMT is predicated on the assumption that although both Parts A and B entail the use of overlearned serial stimuli, the added complexity of dual parallel processing requirements on Part B uniquely taps ease of switching cognitive set from one idea to the other. However, the obvious verbal or linguistic component in the alphabetic sequencing aspect of Part B places illiterate and nonnative English-speakers at a distinct disadvantage (D'Elia, Satz, Uchiyama, & White, 1996) . Although it has been suggested that acculturation may exert minimal effects on TMT performance (Arnold, Montgomery, Castaneda, & Longoria, 1994) , the Color Trails for Children (Williams et al., 1995) and Color Trails Test (CTT; D 'Elia et al., 1996) were developed on the premise that the TMT has limited utility across cultures. The primary purpose of the present study, therefore, was to compare the CTT and TMT in a relatively well-educated nonnative Englishspeaking sample. The CTT time variables, with 2-week test-retest reliabilities ranging from .64 to .79 and convergent validity (in comparison to the TMT) ranging from .41 to .49 in healthy individuals (D'Elia et al., 1996) , are fairly modest. As regards clinical validity and utility, international multicenter studies have found Part 2 of the CTT to be the single most sensitive cognitive test among a selected neuropsychological battery in symptomatic, but not asymptomatic, HIV-1 seropositive individuals (Maj et al., 1994) . Perhaps due in part to the rise in numbers of nonnative English-speaking individuals presenting for neuropsychological services, global migration rates, and the growing awareness of cultural value systems as vital moderators in neuropsychological evaluations, the need for culturally fair neuropsychometric tools are likely to come into higher demand. It is imperative, therefore, that greater research effort be devoted toward understanding the sensitivity, utility, and limitations of neuropsychological assessment devices in culturally diverse settings.
METHOD

Participants
A total of 64 healthy, full-time students of Bogaziçi University, Istanbul, Turkey (51 undergraduate and 13 graduate) with a mean age of 22.67 years ( SD ϭ 1.98; range, 18-29) were included in the sample. The participants (47% male; 86% right-handed) were native Turkish-speaking students who also spoke English as a second language, and were among the top 10% of university students in Turkey as determined by their scores on the national university entrance examination. All participants had earned a minimum score of 550 on the Test of English as a Foreign Language ® . Each individual received extra course credit for participation in the study. None of the participants had a known history of neurological or psychiatric illness. (Golden, 1978) ; Symbol Search subtest from the Wechsler Intelligence Scale for Children-III (WISC-III; Wechsler, 1989) ; Controlled Oral Word Association Test (COWAT; Benton, 1969) ; Digit Symbol subtest from the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) ; and Color Trails Form A, Parts 1 (CTT-1) and 2 (CTT-2) (D 'Elia, et al., 1996) .
All participants were individually administered the neuropsychological test battery by trained psychometrists using standard instructions and procedures. The language of assessment was English. The COWAT, however, was administered in Turkish in order to explore the nature of the relationship between generative naming in the participants' primary language versus performance on the TMT-B using the Latin alphabet.
Statistical Analysis
Spearman rank order correlations were computed for selected variables on account of their nonnormal distributions and the highly selective nature of the sample.
Wilcoxon matched-pairs signed-rank tests were performed to determine whether there were any significant differences between the CTT-1 and TMT-A, and between CTT-2 and TMT-B. The two-tailed Wilcoxon test was chosen to correct for violations of the normality assumption given the restricted, positive skew of sample composition from which the data were derived. In order to reduce the risk of Type I error from the multiple pairwise comparisons, the alpha level decision rule for statistical significance was set at .01. Table 1 presents the mean scores for each of the neuropsychological tests administered in this study. There was no significant difference between the mean scores for CTT-1 and TMT-A ( Z ϭ Ϫ .83, p ϭ .40). Not surprisingly, the CTT-1 was significantly correlated with TMT-A ( r ϭ .35, p Ͻ .01). A significant difference emerged between the mean scores of the CTT-2 and TMT-B ( Z ϭ Ϫ 4.38, p Ͻ .0001), which were moderately correlated at .45 ( p Ͻ .01). The interference index (a procedure utilized in the CTT for partialling out the effects of undivided attention and simple perceptual tracking on the alternating demands of CTT-2) was calculated for both the CTT and TMT. The Wilcoxon test revealed a significant difference between the means of the obtained interference indices ( Z ϭ Ϫ 3.42, p Ͻ .001).
RESULTS
Interestingly, there was a significant difference between the COWAT and TMT-B ( Z ϭ Ϫ 3.61, p Ͻ .001), with essentially negligible variance shared between both these tests ( r ϭ .06). The number of errors made on both forms of the CTT and TMT were subjected to the Friedman test with results indicating no significant relationship between the errors made on these tests ( F r ϭ 5.06, df ϭ 3, p ϭ .17).
A standard simultaneous multiple-regression analysis was computed to evaluate whether the CTT-2 (treated as the dependent variable) was related to other time-dependent attention and psychomotor tasks. These latter independent variables included the Stroop, Digit Symbol, Symbol Search tests, and time to completion on the CTT-1, TMT-A, and TMT-B. Results indicated a significant relationship, F (8, 55) ϭ 10.50, p Ͻ .0001, with the proposed model accounting for 55% of the variance on CTT-2. Both the CTT-1 ( t ϭ 4.12, p Ͻ .001) and TMT-A ( t ϭ 3.15, p Ͻ .01) emerged as significant predictors. 
DISCUSSION
The purpose of the present study was to determine the parity of the CTT and the TMT in a group of high-functioning nonnative English-speaking individuals. At the outset, a major shortcoming of this investigation that warrants acknowledgement is the fact that order of CTT and TMT administration was invariant for the entire sample (with the latter preceding the former). Future studies may direct attention to the role of practice effects and the extent to which the performance on the TMT exerts a transfer of training influence upon the CTT, or vice versa.
The present findings support previous contentions (D 'Elia et al., 1996) that the TMT-A and CTT-1 are essentially equivalent tasks. This is not surprising given the fact that although differing in total path length (by about 21.9 cm), both measures rely almost exclusively on overlearned numerical sequencing abilities. Multiple regression analysis of the time-dependent cognitive tasks revealed that the CTT-1 and TMT-A were best predictors of performance on the CTT-2 time to completion, suggesting that they both are heavily influenced by similar cognitive abilities.
The difference in performance between TMT-B and CTT-2 (when time to completion and the interference index were analyzed) provides evidence for a robust distinction in task requirements of these measures. In other words, this observed difference implies that the CTT-2 may not necessarily be the 'culture reduced' equivalent of the TMT-B as posited by D'Elia et al. (1996) , but that they may measure different underlying cognitive skills. A parsimonious explanation for this difference may lie in the number of visual stimuli involved. The CTT-2 has almost twice as many stimuli than the TMT-B (i.e., 49 vs. 25 circles), which effectively makes it just as much a measure of simple visuoperceptual scanning and susceptibility to visual distractors as it may be a measure of higher order cognitive flexibility. A similar explanation has been evoked to account for the difference in performance between TMT-A and TMT-B (Gaudino, Geisler, & Squires, 1995) . The TMT-B is often described as culture-loaded because of its reliance on the Latin al- phabet. Our finding of virtually little association between phonemic verbal fluency (as assessed in the participants' native language) and TMT-B performance may be due to the possibility that processing with verbal automatisms in normal, and perhaps, highly educated individuals may not depend exclusively on the conventional verbal-linguistic pathways used in propositional speech. Indeed, support for this hypothesis can be found in the clinical literature wherein some aphasic patients have demonstrated relatively preserved verbal sequential speech abilities (Blunk, De Bleser, Willmes, & Zeumer, 1981) . Also, there is evidence of impaired production of serial automatic speech following nondominant right hemisphere lesions (Speedie, Wertman, Ta'ir, & Heilman, 1993) . Clearly, the issue of bilingualism further complicates the picture (see e.g., Breier et al., 1996) . Besides, the possibility of a Stroop effect on CTT-2 performance, as suggested by Spreen and Strauss (1998) , may influence test performance in a way that makes the CTT-2 a qualitatively different task in comparison to TMT-B. Interestingly, our study found only a modest association ( r ϭ Ϫ .29) between TMT-B and the Stroop ColorWord subtest. Further empirical studies on the relationship between the Stroop interference effect and CTT-2 is warranted. Perhaps equally important in determining the psychometric equivalence of the CTT and TMT is the question of how to ensure whether cultural equivalence has been attained. Simply substituting the obviously verbally mediated alphabetical elements with colors may not necessarily be sufficient to ensure the universality of a test. Without undertaking a detailed cultural investigation of what an ability test means in a given culture, it often is difficult to demonstrate its cultural relevance (Boesch, 1996) , and hence performance equivalence vis-à-vis the respective test takers from different cultural backgrounds. This is not an unattainable task (see e.g., Beach, 1984; Colby, Jessor, & Shweder, 1996) , but an approach that is, regrettably, rarely utilized in contemporary neuropsychology.
